more conclusively and for all areas of neurologic injury? Kramer and Zygun in 2011 [3] and again in 2014 [4] asked similar questions. Both times, they concluded that the body of evidence is strongly supporting the case for better outcomes but that there is still much to understand as to the how and why. In 2015, Smith and Menon briefly review the evidence in the GPICS [1] document and comment that it now seems clear that the care does not necessarily need to be in a single speciality unit NICU, but more importantly that multidisciplinary expertise in the care of the sick brain is available directly to the patient.
Neuro-critical care is a relatively newly recognised and emerging area of sub-speciality care, although it has been a recognised speciality for training and accreditation in the USA since the early 2000's. Its origins come from critical care units developing within neuroscience centres, to care initially for severe traumatic brain injury (STBI), subarachnoid haemorrhage (SAH) and postoperative neurosurgical patients. Most have now expanded to also include both neurological and neurosurgical life-threatening disease such as intra-cerebral haemorrhage (ICH), ischaemic stroke, neuromuscular diseases, refractory status epilepticus and central nervous system infections. There is currently much literature about this subject, with the majority coming from North America. Many of them are single centre studies with historical controls, with few multicentre prospectively controlled studies. There is evidence of the benefits of specialist critical care for the most of the above diseases, which I have briefly summarised in the separate sections below.
INTRODUCTION
In many parts of the world, patients with neurological injury requiring critical care are managed in one of three models of intensive care; General Intensive Care Units (GICU) without direct neurosurgical/neurological input, ICUs co-located with a neuroscience unit, which may be a mixed speciality GICU with direct input from neuroscience specialists or a stand-alone Neuro-ICU (NICU) embedded within a neuroscience unit. Thus, it would be useful to start with a definition of neuro-critical care as opposed to critical care. Smith and Menon [1] provide a good definition in their chapter in the new Guide to the Provision of a Critical Care Service (GPICS) document from the Intensive Care Society: [2] asked the question "Neuro-critical care: Has it come of age?" In his conclusion, he noted that available data suggest that outcomes in neuro-specific ICUs might be better than in GICUs. He also states that we need to demonstrate this conclusively and show why. More than 10 years later can we answer this question Neuro-critical care versus general critical care for neurological injury: Beneficial evidence Audit and Research Network (TARN) data strongly suggested that outcomes for patients managed in a general hospital ICU were worse than those cared for in a neuroscience centre. Such treatment was associated with a 26% increase in mortality and a 2.15-fold increase (95% CI: 1.77-2.60) in the odds of death adjusted for case mix compared with patients treated at a neurosurgical centre. This lead to the National Institute for Clinical Excellence (NICE) modifying their guidance [6] with the following recommendation about management in a neuroscience centre: "Transfer would benefit all patients with serious head injuries (GCS ≤ 8), irrespective of the need for neurosurgery". The question mark at the time was around selectivity of the neuroscience units, i.e., were they only taking those patients whom they thought had the chance of a good outcome. After the TARN paper and NICE guidance, the change in the pattern of acceptance by neuroscience centres was noticeable, which if the question above was true should have diluted the better outcomes in the neuroscience centres. However, in 2013, the risk adjustment in neuro-critical care (RAIN) study, [7] a large multicentre observational study run by the Intensive Care, Audit and Research Centre (ICNARC), confirmed better outcomes in neuroscience associated critical care units. Although it did suggest that care was more cost-effective in a single speciality NICU compared to a mixed general/NICU, this was not statistically significant. Interestingly, in those aged over seventy, the outcomes were no better and, in fact, there was a suggestion of greater risk of death if transferred to a specialist unit. The reasons for the apparent better outcomes are not clear although better adherence to protocols is one suggestion with evidence that the use of protocols does improve outcome. [8] Thus, the evidence for traumatic brain injury certainly supports the benefit of specialist neuro-critical care, the possible reasons for which are summarised in Smith's "points of view" paper. [9] INTRA-CEREBRAL HAEMORRHAGE ICH is a devastating disease with poor outcomes and a mortality rate of up to 44%, increasing by a further 50% by 1 year. As far back as 2001 Diringer and Edwards [10] demonstrated better outcomes for this group of patients when cared for in a specialist critical care unit, with an odds ratio of greater mortality in a general ICU of 3.4. Mirski et al. [11] reported similar findings along with shorter hospital stays and lower costs. Unfortunately, only mortality was quoted and not functional outcome. More recently Damian et al. [12] used ICNARC data to investigate ICU mortality after ICH (10,313 cases) and found that the death rate in a specialist unit was lower, although the length of stay was longer. However, the speed with which the death rate improved in those units was also faster than those seen in general units. Studies such as a second surgical trial in lobar ICH [13] have not shown any clear therapeutic intervention to have altered the outcome, which suggests the findings of better outcomes in specialist units may be due to the brain centred holistic care given in such units. Rincon and Mayer [14] also suggested that there might be less therapeutic nihilism in specialist ICUs thus negating the self-fulfilling prophecy that little support for these patients brings.
SUBARACHNOID HAEMORRHAGE
It is clear that the overall management of aneurysmal SAH requires a multi-disciplinary team of which the critical care team is a part. Many treatment modalities have not conclusively been shown to improve outcome apart from nimodipine and securing the aneurysm. As to the latter, we have seen many changes recently with endovascular management replacing surgical clipping in many centres around the world due to the belief that outcomes are better. Although the surgical morbidity is much less, it is certainly our experience that these patients still need very close monitoring and care in a critical care environment to optimise their outcome in light of the risks of delayed ischaemic neurological deficits. [15] demonstrated that the presence of neuro-intensivists improved the hospital discharge destination of these patients, such that 36.5% went home versus 25.2% of those cared for in a GICU, and they were less likely to need admission to a rehabilitation facility. McNeill et al. have suggested increased volume of work as a cause for improved outcomes for SAH, [16] however, Chang's observational study [17] showed that there was no apparent difference in the outcomes between a high volume and low volume unit. Thus, they proposed that it is the expertise of the staff rather than familiarity with the care that is important.
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OTHER NEUROLOGICAL DISEASES
There is some evidence for the effect of neuro-critical care on diseases such as ischaemic stroke, status epilepticus, Guillain-Barre and myasthenia gravis. However, apart from ischaemic stroke, the evidence for better outcomes in a specialist ICU for these types of neurological problems is less convincing. [12] This may relate to the fact that for these diseases the primary critical care issue may be respiratory failure rather a condition that requires aggressive, intensive and specialised interventions. No evidence was found for super-refractory status epilepticus, but I would predict better outcomes in a neuro-centre ICU provided the referral is made early. If true, this would be due to the greater ability to monitor and interpret electroencephalogram continuously with immediate input from Epileptologists, as well as the multidisciplinary Neuro-ICU team.
It has long been accepted that the management of ischaemic stroke patients in a dedicated 'stroke unit' leads to better outcomes. However, with the increasing use of aggressive interventions such as decompressive craniectomy for malignant middle cerebral artery syndrome and endovascular thrombectomy it is likely that we will see more of these patients admitted to ICUs within neuroscience units. Historical data [18] suggest that their outcomes may be better in an NICU setting.
SUMMARY
Although much of the above does suggest better outcomes for patients cared for in critical care units associated with neuroscience centres, there are caveats, which must be considered when looking at many of the studies. Although the main UK studies are multi-centre with large patient numbers, the North American experience is less so and may have some explanation in the remuneration system there. Thus, it is important to be aware of the following points when considering the data:
• Many are small single unit studies, and so there may be concerns of bias • Many are retrospective studies and not adjusted for confounders • In many the controls are historical • Neuroscience-units may not be accepting those most likely to die, thus skewing the results.
If we accept that the outcomes are better, the reasons for this remain less clear. Most authors have attempted to find evidence or postulate as to why this may be true. Suarez [19] reviews this with specific regard to advances of monitoring and treatments used and intensive staffing, with the conclusion that when all these are brought together, it leads to better outcomes. The following are the arguments put forward, some of which are supported by evidence presented above:
• Specific experience of the multidisciplinary team-leading to earlier recognition of neurological deterioration • Larger patient numbers, meaning more experience for the whole team • Brain centred care, i.e., greater awareness by the multidisciplinary team about the relationship of the injured brain and systemic organs • Greater adherence to brain protective protocols • Greater use of intensive brain monitoring techniques • Rapid access to neurosurgical input, imaging and specialist operating theatres • Early input of specialist physiotherapy and rehabilitation • A less nihilistic attitude that comes with wider experience • A more conservative approach to the end of life.
Many of the studies contain a heterogeneous mix of conditions with different emphasis on which aspects of care were reviewed. Thus, although Kramer and Zygun [3] present a review of a large number of heterogeneous cases (>25,000) that strongly supports the case for better outcomes, it still leaves the question as to why. They noted that evidence of the effect of a neurointensivist's input was associated with better mortality and outcome. The perceived benefits of that alone may be reduced the length of stay, cost savings, fewer shunts in SAH patients, improved documentation and increased organ and tissue donation rates.
CONCLUSION
There is no question that critical care has changed the outcomes in patients with acute neurological problems. [20] There is also convincing evidence that patients with brain injury are better cared for and have better outcomes both in terms of mortality and neurological recovery in critical care units associated with a neuroscience unit as opposed to a general unit in a nonspecialist hospital. However, the evidence that the outcomes are better in a single speciality NICU is not as clear. There is also evidence that the introduction of intensivists with a specific interest in neurological injury may affect outcomes and length of stay positively.
The model of critical care for these patients clearly favours the ICU with direct and dedicated input from a multidisciplinary team that is expert in and familiar with the care required for this group of patients. However, the UK experience does not show a significant difference between the GICU associated with a neuroscience department and a single speciality NICU in terms of outcome. [7] It is suggestive for STBI but not conclusive. When you take into account that in some parts of the world recruitment of intensivists to single speciality critical care can be problematic, is an NICU 'pod' staffed by a multidisciplinary team who are familiar with the problems of neurological injury, within a large GICU co-located with a neuroscience centre the optimal model? [21] Financial support and sponsorship Nil.
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